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(Follow-Up Nucleate Boiling On-flight Experiment) 
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 One of 4 modes 
 High heat transfer rates 
 Wide range of 
terrestrial applications 
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q” = h(Ts– T∞) 
2010 Presentation to the Dean’s 
 Where will the bubbles go? 
 Do they depart the heating surface? Why? 
 Is boiling an effective means of heat transfer 
without buoyancy? 
 How do system parameters such as working 
fluid, subcooling, surface geometry, and  heat 
flux affect boiling dynamics? 
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Rohsenow’s empirical model for pool boiling 
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 Determine the effects of surface geometry, 
heat flux, and gravity on boiling dynamics by 
observing the following: 
◦ Boiling on-set conditions 
◦ Steady-state heat transfer coefficients 
◦ Bubble generation and departure dynamics 
 
 Is nucleate boiling an effective means of heat 
transfer in microgravity? 
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 Control  
Automated via Labview 
 Measurements 
 Taken at ~ 10,000 Hz 
 Recorded at 100 Hz 
 Video 
 1920 by 1080 pixel resolution 
30 fps 
 Pixel size 
 0.014 mm x 0.014 mm  
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Undergraduate projects proposed, designed, 
built, and flown on zero-g plane out of 
Houston, TX 
Competed against other universities for 14 
spots (Yale, Purdue, Embry-Riddle) 
GAS Team participated during June 16-27 
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Outreach 
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Presentations 
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Technical Writing 
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Engineering Practices 
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18 
The Houston Experience 
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Flight Day 1 
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20 
Troubleshooting 
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Flight Day 2 
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Connecting to Alumni 
Representing USU 
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 Visual effects of gravity, power, and surface 
geometry 
 Relative bubble area analysis 
 Boiling on-set characteristics 
 Steady-state characteristics 
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 Larger bubbles form in 
0-g 
 Bubbles recondense 
more quickly in 0-g 
 
 
26 
0-g 1-g 
2010 Presentation to the Dean’s 
27 
 Fewer, larger bubbles at 
low power levels 
 More, smaller bubbles 
and jets at high power 
levels 
 
 
Increasing Power 
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 Single Wire  
◦ Small bubbles and 
tendency to form jets 
 3-Wire  
◦ Many large bubbles 
 4 – Wire  
◦ Similar to single wire 
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Effects of: 
 Surface Geometry 
◦ 3-wire creates bubbles of larger diameter which are 
less likely to depart 
◦ Singe wire and 4-wire appear very similar 
 Heat Flux 
◦ Low power levels produce larger bubbles which 
increase in number as power increases 
◦ After a critical power level, jets form and average 
bubble diameter drastically decreases 
 Gravity 
◦ Larger bubbles form in 0-g 
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 Minimum on-set heat flux for various surface 
geometries 
32 
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 Heat transfer in 0-g is very 
inefficient prior to boiling 
 Once boiling, heat transfer is loosely 
dependent or independent of gravity 
 3-wire geometry effectively reduces 
the minimum on-set heat flux 
 Providing a heat flux greater than 
required shortens the conduction 
period and reduces superheating 
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 If neither 1-g or 0-g boil, 1-g heat transfer is 
much more efficient due to natural 
convection 
 If 0-g boils and 1-g does not, 0-g heat 
transfer is more efficient 
 If both boil, 1-g and 0-g heat transfer are 
approximately equal 
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 Gravity, wire geometry, and heat flux clearly 
effect bubble growth and departure dynamics 
 
 In 0-g, heat transfer prior to boiling is 
inefficient 
 
 3-Wire geometry effectively reduces the heat 
flux required to initiate boiling 
 
 While boiling, heat transfer is loosely 
dependent or independent of gravity 
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 Extend heat flux range 
toward critical heat flux 
(CHF) 
◦ Does 3-wire burn-out 
first? 
◦ Adjust lighting and 
cameras to capture jets 
better 
 Further resolve on-set 
conditions 
 2-D heaters that utilize 
thin wire findings  
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Quality Plating Company 
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• Gil Moore 
• Scott Thomas 
• Russ Laher 
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